This paper investigates the influence of sunflower addition (3, 6 
INTRODUCTION
Cereals constitute the staple food of humans across the globe. In many countries, they are the mainstay of life and form the single largest component of people's daily diet. Ready-to-eat (RTE) cereals are processed grain formulations suitable for human consumption without further processing or cooking. Extrusion technology is of enormous importance to food processing and the production of breakfast cereals, which greatly affects the properties of corn flakes (Sumithra and Bhattacharya 2008; Kannadhason et al. 2009; Košutić et al 2016a) . Extrusion technology facilitates using different ingredients for the enrichment of cereal-based flakes or snack products (Filipović et al. 2010; Nor et al. 2013) . The dietary requirements for protein and amino acids in food are set according to the age of consumers. Food consumption is primarily determined by energy expenditure, i.e. as a function of the basal metabolic rate and physical activity level. Energy food requirements change not only with the age, sex and body mass, but also with the physical activity associated with lifestyle. Protein requirements are independent of the body mass, sex (in adult life) and age (WHO 2002) . The essential amino acids are as follows: leucine, isoleucine, valine, lysine, threonine, trypothophan, methionine, phenylalanine and histidine. The following amino acids are semi-essential: cysteine, tyrosine, proline, glycine, arginine, glutamine and taurine (under certain physiological and pathological conditions of the organism they can become essential amino acids). The non-essential amino acids provide a source of nitrogen for establishing the nitrogen balance and include the following amino acids: alanine, serine and asparagine (WHO 2002) . The amino acid score is the ratio of the amino acid content in the sample protein to the content of the same amino acid in the requirement pattern. It determines the effectiveness with which the absorbed nitrogen can meet the indispensable amino acid requirements at the safe level of protein intake. This is achieved by a comparison of the content of the limiting amino acid in the protein or diet with its content in the requirement pattern appropriate for age (WHO 2002) . The protein quality evaluated relative to the protein digestibilitycorrected amino acid score (PDCAAS) value is relatively new, and it is calculated on the basis of the protein digestibility and amino acid score (WHO 2002) . Corn flakes are possibly the most common form of breakfast cereals. Flakes formulation with sunflower can improve the nutritive properties of products (Košutić et al 2016b; Gawlik-Dziki et al.2012; Jozinović et al.2016) . The purpose of this paper is to examine the influence of sunflower addition (3, 6 or 9 g/100 g of sample) to flakes products on the limiting amino acids pattern and protein requirements of different consumer age groups.
MATERIAL AND METHOD
Corn flour and the sunflower cultivar 'Cepko' were obtained in 2015 from local producers (the mill Žitoprodukt d.o.o. Bačka Palanka and Vitastil Erdevik, respectively). Sunflower was dehulled and milled using a Hammer mill 2300 rev/min with a 2.5mm sieve. Flakes were processed under industrial conditions by extrusion in a twin-screw extruder (Yuninan Daily Extrusion, Yunnan, Republic of China). The process of manufacturing flakes products is shown in Figure 1 . A total of four formulations of corn flakes with different quantities of sunflower flour were tested, including the following samples: CF 1 (the control sample), CF 2 (97 g/100 g corn flour and 3 g/100 g sunflower flour), CF 3 (94 g/100 g corn flour and 6 g/100 g sunflower flour) and CF 4 (91 g/100 g corn flour and 9 g/100 g sunflower flour).
Amino acids
The samples were prepared for analyses using the 24h hydrolysis with 6N HCl, and then analysed by a liquid chromatograph Agilent 7890A GC system with a flame ionization detector FID, which is equipped with automatic sampler (auto sampler) and silica capillary column (SP-2560, 100 m x 0.25mm, ID, 0.20μm). Amino acid peaks were identified by comparing the retention time of the individual amino acids in the sample with the retention times of the Amino Acid Standard (Sigma-Aldrich, EC), as well as the internal library data (Košutić 2016) . The results are expressed in percentages as a proportion of the individual amino acid in the total amino acids (Košutić 2016) .
Protein quality Evaluation
The nutritive value of proteins is expressed by the following indicators: the amino acid score and PDCAAS. According to WHO (2002) , threonine, sulphur containing aminoacids and lysine limiting amino acid were taken into consideration.
Amino acid score = mg of amino acid in 1 g test protein / mg of amino acid in the requirement pattern.
Protein digestibility-corrected amino acid score (PDCAAS) = amino acid score x digestibility.
The following data were used for digestibility (FAO/WHO/UNU, 2002):
• 
Statistical analyses
Descriptive statistical analyses for all the amino acid scores obtained were expressed as the mean ± standard deviation (SD). The one-way ANOVA analyses of the results obtained were performed using the StatSoft Statistica 10.0® software. The collected data were subjected to a one-way analysis of variance (ANOVA) for the purpose of comparing the means obtained, and significant differences were calculated according to post-hoc Tukey's HSD (honestly significant differences) test at the p<0.05 significant level (95% confidence).
RESULTS AND DISCUSSION
Protein quality evaluation aims to determine the capacity of food protein sources and diets to satisfy the metabolic demand for amino acids and nitrogen (WHO 2002) . Therefore, any measure of the overall quality of dietary protein, if correctly determined, should predict the overall efficiency of protein utilization. Safe or recommended intakes can then be adjusted according to the quality measure for meeting the demands. The essential, semi-essential and non-essential amino acids of flakes products (CF1-CF4) with sunflower are presented in Figure 2 (the composition of individual amino acids in flakes products was reported by Košutić 2016) . The addition of sunflower (3, 6 or 9 g/100 g) in corn flakes (CF2, CF3, CF4) contributes to an increase in the content of semi-essential and non-essential amino acids in comparison with the samples without the sunflower addition (CF1) (Figure 2 ). Amino acids of sunflower contributed to an insignificant change in the essential amino acids of corn flakes (CF2, CF3, CF4). The nutritive value of flakes protein, expressed as the amino acid score, is presented in Table 1 . According to WHO (2002) , the following amino acids are defined as deficient in protein: lysine, sulfur amino acids and threonine.
Fig. 2. Amino acids of flakes products
The amino acid score is a useful tool for determining the effectiveness by which the absorbed dietary nitrogen meets the essential amino acid requirements at the safe level of protein intake. WHO/FAO/UNU (2002) marked lysine, sulfur amino acids and threonine as the most deficient amino acids in food proteins. The research results show that lysine is the limiting amino acid in all flakes products (CF1-CF4). All the values are less than 1, and the addition of sunflower increased the score. The ANOVA test showed statistically significant differences (p<0.05 level, a 95 % confidence interval) in the score values for lysine in the samples with 9 g/100 g of sunflower (CF 4) compared to the samples CF1, CF2 and CF3. The results obtained indicate the highest score in lysine (0.60±0.01), sulfur amino acids (1.36±0.05) and threonine (2.26±0.13) in the corn flakes with 9 g/100 g of sunflower. According to the FAO / WHO / UNU (2002) data on the metabolic needs for protein and amino acids, the flakes AAS and PDCAAS values for four age groups of consumers are shown in Table 2 . The changes in the AAS and PDCAAS within the same age group depend on the share of sunflower. The need for the limiting amino acid lysine is larger at an earlier age of life and the PDCAAS values are statistically significantly lower than those required for adults (over 18 years). The ANOVA test showed statistically significant differences (p<0.05 level, a 95 % confidence interval) in the PDCAAS between the sample values with 6 and 9 g/100 g of sunflower (CF3, CF 4) compared to 0 and 3 g/100 g of sunflower (CF1, CF2) for age groups 4-18 years and >18 years. Sunflower addition positively affected the PDCAAS, which resulted in higher values, particularly for people over 18 years. Adding sunflower resulted in a statistically insignificant increase in the amino acid score in all the corn flakes analyzed. The results obtained show that protein flakes products with added sunflower are more suited to adults' needs (Table 3) .
CONCLUSION
The results obtained indicate that the AAS and PDCAAS values in flakes products increased with an increase in the share of sunflower. The best AAS (lysine 0.58±0.01, sulfur amino acids 1.36±0.05, threonine 2.26±0.13) and PDCAAS for nutritive attributes of corn flakes proteins were recorded in 9 g/100 g of sunflower.
Sunflower in flakes products positively contributed to the protein nutritive value. Flakes products are new products with the enhanced essential amino acid pattern, exhibiting functional properties due to the added sunflower. Flakes products with sunflower are particularly suitable for the diet of adults. 
